We present [C II] and [O I] observations from Herschel and CO(1-0) maps from the Combined Array for Research in Millimeter Astronomy (CARMA) of the Hickson Compact Group HCG 57, focusing on the galaxies HCG 57a and HCG 57d. HCG 57a has been previously shown to contain enhanced quantities of warm molecular hydrogen consistent with shock and/or turbulent heating. Our observations show that HCG 57d has strong [C II] emission compared to L FIR and weak CO(1-0), while in HCG 57a, both the [C II] and CO(1-0) are strong. HCG 57a lies at the upper end of the normal distribution of [C II]/CO and [C II]/FIR ratios, and its far-IR cooling supports a low density warm diffuse gas that falls close to the boundary of acceptable PDR models. However, the power radiated in the [C II] and warm H 2 emission have similar magnitudes, as seen in other shock-dominated systems and predicted by recent models. We suggest that shock-heating of the [C II] is a viable alternative to photoelectric heating in violently disturbed diffuse gas. The existence of shocks is also consistent with peculiar CO kinematics in the galaxy, indicating highly non-circular motions are present. These kinematically disturbed CO regions also show evidence of suppressed star formation, falling a factor of 10-30 below normal galaxies on the Kennicutt-Schmidt relation. We suggest that the peculiar properties of both galaxies are consistent with a highly dissipative off-center collisional encounter between HCG 57d and 57a, creating ring-like morphologies in both systems. Highly dissipative gas-on-gas collisions may be more common in dense groups because of the likelihood of repeated multiple encounters. The possibility of shockinduced SF suppression may explain why a subset of these HCG galaxies have been found previously to fall in the mid-infrared green valley.
1. INTRODUCTION Hickson Compact Groups (HCGs; Hickson 1982) are small, relatively isolated systems of four or five galaxies in close proximity to one another. These high density systems tend to have a high fraction of E/S0 galaxies compared with the field, show evidence of tidal interactions, and exhibit generally low group velocity dispersion (Hickson 1997) . Verdes-Montenegro et al. (2001) studied the H I properties in HCGs and found that they were often H I deficient. Rasmussen et al. (2008) concluded that the H I deficiency could not be explained solely by the heating of the gas. Borthakur et al. (2010) were able to show that a nonemail:kalatalo@ipac.caltech.edu negligible fraction of the missing H I might lie in an underlying diffuse component, but that diffuse component was unable to account for all missing H I. It was suggested that the level of H I depletion could be seen as part of an evolutionary picture for the groups, evolving from more H I-rich systems composed of mainly spiral galaxies, towards groups with a higher fraction of elliptical and S0 galaxies (Konstantopoulos et al. 2010) . Johnson et al. (2007) investigated the infrared (IR) colors of HCGs, using the Spitzer IRAC diagnostic of Lacy et al. (2004) . This work suggested that, unlike field galaxies, HCG galaxies seem to display a "gap" in the number of galaxies of intermediate IRAC colors, lying between dusty IRAC-red galaxies, and dust-free stellar-dominated IRAC- The Spitzer 3.6µm-4.5µm-8.0µm true color image (left, corresponding to blue, green and red, respectively) is overlaid with the integrated intensity contours (moment0; white) of the Herschel [C II] emission detected in HCG 57. The dotted line box represents an area that is 1.5 ′ on a side. A zoomed-in map is shown on the right that includes the mean velocity (moment1) map of the [C II] data from Herschel, overlaid with isovelocity contours (black) as well as the moment0 contours (white). (Bottom): The 3-color g-r-i SDSS image (left) is overlaid with the CO(1-0) moment0 map from CARMA (white contours). A zoomed-in map is shown on the right which includes the moment1 map of the CO(1-0), overlaid with isovelocity contours as well as moment0 contours. Major tick makes on both 3-color represent 1 ′ , and 20 ′′ on each moment1 map. The CO(1-0) and [C II] velocity fields are consistent with one another, given the difference in spatial resolution between the two instruments, and some contamination of the [C II] velocity field of HCG 57a by 57d. The largest mixing of kinematic components occurs in the souther-eastern part of the disk where the channel maps show the largest overlap of emission between the two galaxies.
blue galaxies-roughly corresponding to late-type and earlytype galaxies respectively. This dearth in galaxies of intermediate color in HCGs, led to the idea that the environment of HCGs might somehow accelerate evolution from disks to early types (Tzanavaris et al. 2010; Walker et al. 2010 Walker et al. , 2012 Walker et al. , 2013 . Bitsakis et al. (2010 Bitsakis et al. ( , 2011 studied the mid-and far-IR properties of HCGs, and found several trends in their specific star formation rates and dust properties consistent with the idea that enhanced galaxy interactions in HCGs drive the evolution of the global properties of the groups.
Although the work of Bitsakis et al. (2010 Bitsakis et al. ( , 2011 shows that in larger HCG galaxy samples, there is a small population of galaxies in the IRAC color "gap" region, they tend to be galaxies which lie in the UV-optical green valley even when their colors are corrected for optical extinction. Furthermore, these galaxies may have unusual dust properties when compared with galaxies in the field .
The mid-IR spectroscopic capability of Spitzer opened up the ability to study the pure rotational lines of molecular hydrogen in a large sample of galaxies. In one system, Stephan's Quintet (a.k.a. HCG 92) and Cluver et al. (2010) discovered large quantities of intergalactic warm H 2 associated with a giant 40 kpc-scale shock in the system. Modeling of the observations suggests that strong turbulence was responsible for the formation of large quantities of warm H 2 from shocked H I gas (Guillard et al. 2009 ). The dissipation of turbulent energy is likely the main heating source of the molecular gas (Guillard et al. 2009 (Guillard et al. , 2012a Appleton et al. 2013) . In a follow-up study, Cluver et al. (2013) studied 78 HCG galaxies in 23 groups, and found that 20% showed unusually enhanced H 2 emission over and above that expected for heating by young stars alone (I H2 /I PAH(7.7µm) ≥ 0.04). Such galaxies, termed Molecular Hydrogen Emission Galaxies (MOHEGs) by Ogle et al. (2007 Ogle et al. ( , 2010 , are also common in samples of nearby radio galaxies, where the H 2 is also likely powered by shocks channel maps from Herschel listed in heliocentric, optically-defined velocities, with contour colors presented relative to the systemic velocity of HCG 57a overlaid on the Spitzer continuum-subtracted nonstellar 8.0µm image. The [C II]contours colors represent the red-and blueshifted components seen. Contours begin at ±3σ level and then are made in 3σ increments, with gray contours represent negative contours. In the first panel we show a size scale (bottom left) and the 9. ′′ 4 Herschel PACS native spaxel is shown as a cross, overlaid with the chosen pixel size (3 ′′ ) for the combined, projected [C II] maps (bottom right). [C II] is brightest in HCG 57d, but fainter emission is clearly present over a wide range of velocities in HCG 57A, especially near the nucleus. Velocity labels with channels closest to the systemic velocities of HCG 57a (of 8727 km s −1 ) and of HCG 57d (of 8977 km s −1 ) are displayed in yellow and cyan, respectively. The color of the contours consistently represents a velocity range between 8240-9330 km s −1 . (Guillard et al. 2012b) . When the HCG MOHEGs were placed on the IR color-color diagram, they were found to lie chiefly within the IRAC color "gap" leading Cluver et al. (2013) to postulate that shocks and turbulent heating might be connected to their "transitional" IRAC colors.
Observations with Herschel (Pilbratt et al. 2010 ) have allowed us to further investigate these transition objects in other excitation tracers, such as [C II] and [O I] . Though [C II] preferentially traces photon-dominated regions (PDRs) in diffuse gas, and therefore correlates with star formation (the dominant energy source in most normal galaxies; de Looze et al. 2011), Appleton et al. (2013) have shown that in Stephan's Quintet, shocks are able to dominate the heating of the gas that gives rise to the [C II] emission. Given the likelihood that galaxy interactions are more common at higher redshifts, it is important to gauge the importance of shocks and turbulence in enhancing [C II] emission from galaxies.
It is also possible that the presence of shock-enhanced [C II] might be a signpost for suppressed SF. Ogle et al. (2010) , Nesvadba et al. (2010) and Guillard et al. (2014) show that in MOHEG radio galaxies, SF appears to be suppressed, possibly due to the turbulence induced by shocks as the radio jet traverses the molecular disk. Guillard et al. (2012a) and Konstantopoulos et al. (2014) is suppressed in the shock region of Stephan's Quintet. On the other hand, simulations (as well as observations of ULIRGs; Sanders & Mirabel 1996) seem to show that SF can be enhanced during a galaxy collision (Saitoh et al. 2009; Teyssier et al. 2010; Bournaud et al. 2011) . The current simulations do not reach the dynamical range needed to probe both the large-scale injection of mechanical energy and the dissipation scale where low-velocity shocks or vortices dissipate the energy. This is why in simulations the role that shocks play in regulating star formation is not yet completely understood. Even stronger suppression of SF has recently been found in the early-type galaxy NGC 1266 (Alatalo et al. submitted) , where suppression may be connected with an AGN outflow. Therefore, getting a census of the molecular gas, [C II] and other tracers of SF (such as the 24µm dust emission; Calzetti et al. 2007 ) for a sample of likely shockexcited early-type HCG galaxies may help us understand the connection between [C II] and SF in turbulent galaxies, and provide insight into the potentially more turbulent era of highz galaxies.
Here we present [C II] and [O I] maps from Herschel, and CO(1-0) maps from the Combined Array for Research in Millimeter Astronomy (CARMA) for the inner part of the HCG 57, which contains HCG 57a (= NGC 3753; a MOHEG) and its companions HCG 57d (= NGC 3754) and HCG 57c (= NGC 3750). Although this system is among the most H I deficient of the groups studied by Verdes-Montenegro et al. (2001) , it contains copious quantities of warm molecular hydrogen. The rotationally excited H 2 /PAH(7.7) ratio of HCG 57a is 0.17 (Cluver et al. 2013) , which is the third highest of the entire HCG MOHEG sample, placing it clearly outside the range of H 2 excitation that can be explained by photoelectric heating alone. HCG 57a was also one of the few HCG galaxies observed by Cluver et al. (2013) to show significant extended warm H 2 along its major axis, with M(H 2 ) w = 1.8× 10 8 M ⊙ of warm (T = 206 K) H 2 (over an area of 413 arcsecs 2 , or 169 kpc 2 ). HCG 57c was not included as targets by the Spitzer Infrared Spectrograph (IRS) observations,, and although there was some coverage of HCG 57d, there was no clear signal of warm H 2 , and thus little is known about their warm H 2 properties. Both HCG 57a and d were detected with the Institut de Radioastronomie Millimétrique (IRAM) 30m in CO(1-0) (Lisenfeld et al. 2014) .
We intend to put HCG 57a and 57d forth as an example of the many ways that shocks and an interaction can influence the interstellar medium (ISM) and star formation (SF) within individual galaxies. We adopt a distance to HCG 57 of 132 Mpc, based on the luminosity distance of the most massive component, HCG 57a, and a Hubble constant of H 0 = 67.3 km s −1 Mpc −2 and an updated ΛCDM cosmology with Ω = 0.315, following the Planck parameters (Planck Collaboration et al. 2013) . In §2, we describe the observations and data reduction from Herschel and CARMA of HCG 57a and HCG 57d. In §3, we compare the derived properties of each galaxy, including the spectra and fluxes of CO(1-0), [C II], and [O I]. In §4, we discuss the properties of each galaxy individually, and compare those to normal galaxies, and build a picture of an encounter that might have created this system. In §5, we summarize our results. project. Data processing, was performed on the level0 data (raw data) via the interactive pipeline, and included flagging (and ignoring) of bad pixels and saturated data, subtraction of chop "on" and "off" data, division of the relative spectral response function (RSRF), and the application of a flat-field. These data were converted from standard data frames to rebinned data cubes by binning these data in the wavelength domain using default parameters (oversample = 2, upsample = 4) which samples the spectra at the Nyquist rate in the two bands. Finally, data for the two nods were averaged, and final data cubes were created with 3×3 arcsec 2 projected pixels on the sky using a new projection algorithm called "specInterpolate". This new algorithm which we obtained in advance of the full release of HIPE 13, will become the recommend projection algorithm of choice by the PACS team for this kind of PACS spectral mapping. Unlike previous projection methods (e. g. specProject) which simply divides up and averages flux from the PACS spectrometer spaxel measurement (9.4×9.4 arcsec 2 ) onto the sky in a simplistic way, the new algorithm uses a triangulation interpolation algorithm to more correctly distribute and average the various individual IFU pointings onto sky coordinates. We have extensively tested the algorithm for flux conservations with many different datasets, and confirm that the new and older (specProject) algorithms conserve flux equally well. We assume that the absolute flux calibrations for the red were created, the moment maps were constructed in Interactive Data Language (IDL). The data cubes were Gaussiansmoothed spatially (with a FWHM equal to that of Herschel PSF at 160µm of 9.4 arcsecs), and masks were created by selecting all pixels above fixed flux thresholds, adjusted to recover as much flux as possible in the moment maps while minimizing the noise (generally about two to three times the rms noise in the smoothed channels). The moment maps were then created using the spatially-unsmoothed cubes within the Observations included a long integration on a bright quasar (in this case, 3C273) in order to calibrate the passband response of the telescopes. Observations were then taken in a repeating sequence, alternating between HCG 57a for 16 minutes, and a phase calibrator (the quasar 1224+213) for 2 minutes. HCG 57a was observed for a total of 7.37 hours. HCG 57d was within the primary beam of the HCG 57a field. HCG 57c was also within the primary beam of the 6m CARMA antennas, but was undetected in CO(1-0).
Raw CARMA data were reduced using the Multichannel Image Reconstruction Image Analysis and Display (MIRIAD) package (Sault, Teuben & Wright 1995) , with the method of reduction and analysis identical to what is described in §3.2 of Alatalo et al. (2013) , and had a synthesized beam of 4.6 × 3.3 ′′ . Data cubes were constructed with 30km s −1 channels of the central 90 ′′ , corresponding to the full-width at halfmaximum (FWHM) of the primary beam of the 6m antennas.
Moment maps were then constructed using MIRIAD, following the same method as is described in Alatalo et al. (2013) . Figure 1 shows the [C II] and CO(1-0) integrated distribution and mean kinematics, overlaid on both the infrared and the optical light. Only the large edge-on disk galaxy (HCG 57a) and the small ring galaxy (HCG 57d; visible in Spitzer IRAC imaging) are detected by Herschel and CARMA: the elliptical galaxy HCG 57c is not detected. The warp in the disk of HCG 57a suggests that it has been in a gravitational interaction, most likely with HCG 57d. The 2-dimensional separation between the nuclei of HCG 57a and 
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8977 ± 4 9000 ± 28 FWHM (km s −1 ) = 212 ± 30 309 ± 9 204 ± 67 Peak Flux Density (Jy) = 0.02 ± 0.003 12.0 ± 0.31 1.6 ± 0. 8306-9351 for all regions HCG 57d is 22 ′′ , or 13 kpc on the sky, and difference in the systemic velocities is 250 km s −1 . The CO(1-0) and [C II] velocity fields are consistent with one another, given the difference in spatial resolution between the two instruments, and some contamination of the [C II] velocity field of HCG 57a by HCG 57d. The largest mixing of kinematic components occurs in the souther-easter part of the disk where the channel maps show the largest overlap of emission between the two galaxies. Bearing in mind this effect, the channel maps suggest that the CO and [C II] represent relatively well-mixed kinematic components. A good example is the kinematics of HCG 57d, which in both [C II] and CO(1-0), show a gradient in the direction of HCG 57a, supporting the idea that this galaxy is interacting with the larger galaxy. It is also possible that the [C II] channel maps in Figure 2 show a [C II] bridge between the galaxies, but the resolution and spaxel size of Herschel PACS are such that we cannot rule out a simple superposition of gas from the two galaxies in that region.
Emission from is found throughout the disk of HCG 57a, but is brightest in HCG 57d. CO(1-0) channels from CARMA are over-plotted on the 3-color SDSS image of HCG 57 (Fig. 4) . It is clear that there is much stronger CO emission in HCG 57a than HCG 57d, although weak (S/N per channel ≈ 3) emission is detected in HCG 57d, with a strong N/S velocity gradient-as discussed earlier. Lisenfeld et al. (2014) observed HCG 57a and 57d with the IRAM 30m. Our CARMA observations recover 87% of the IRAM 30m flux for HCG 57a and 51% for 57d. The 87% flux recovery in HCG 57a is well within calibration errors for millimeter observations. Table 1 lists the velocity bandwidth and fitting parameters used for each system, and Table 2 shows the derived fluxes. In HCG 57d, the under-recovery by the interferometer of flux could possibly be due to a large underlying mass of diffuse CO emission, however the overall faintness of CO in HCG 57d means that we are signal-to-noise limited on the scale of the synthesized beam of the interferometer for this galaxy. Therefore, for the purposes of global properties of HCG 57d, we assume the 30m-measured CO fluxes, luminosities and masses. When deriving properties such as star formation surface density ( §4.3), because the area of the emitting source is important, we use the CARMA-derived areas and surface densities for HCG 57d.
In order to create data cubes suitable for spectral comparisons, we convolved the CO(1-0) map to the resolution of the [C II] data (9.4 ′′ ). The smoothed data cube was then used to make moment maps using MIRIAD as described in Alatalo et al. (2013) . The resultant CO(1-0) maps were then registered to the same coordinate system as the map, but was not convolved since the only emission detected (associated with HCG 57d) is quite compact, and well contained within the large extraction region centered on that region. Spectra (described in the next subsections) were then extracted in four chosen regions: one centered on HCG 57d, and 3 regions covering HCG 57a. All [C II] and [O I] pixels from the registered cubes lying inside of the extraction regions of Fig. 5 were summed to create the spectra. An additional step was taken for the [C II] spectrum in Region 1 of HCG 57a, which likely included a contribution from the background HCG 57d. Figure 6b indicates that there is a large redshifted [C II] peak that is not also traced by CO(1-0) emission, which is the component suspected of being part of the contamination. A two Gaussian fit was run on the Region 1 [C II] spectrum, and gas that appeared centered on v sys of HCG 57d was measured to be ≈ 40% of the total [C II] signal from Region 1. The boundaries of Region 2 were chosen specifically to minimize [C II] contamination of HCG 57a from HCG 57d by careful inspection of the [C II] data cube. By extracting spectra from between the two galaxies, and estimating the extent of the emission "skirt" from HCG 57d in the relevant velocity channels towards HCG 57a, we believe the contamination of Region 2 is between 10 and 15% over its broad [C II] velocity profile. This relatively low total contamination is aided by the fact that the centroid of the main [C II] emission from HCG 57d shifts to the south-east at the velocities around 9000 km s −1 and higher, largely avoiding Region 2. Furthermore, emission isolated to the central regions of HCG 57a is observable in a wide range of channels, even over the range where the two galaxies have similar velocities, again suggesting that the contamination is not large. Strong contamination would pull the observed emission centroid away from the center of HCG 57a, which is not observed except perhaps in the channels between centered on 8960 and 8990 km s −1 . Region 3 does not appear to suffer significant contamination. The total [C II] luminosities for the galaxies and selected regions throughout this paper take these estimated contamination factors into account.
Due to the low S/N nature of the CO(1-0) cube, an extra step was added to CO spectral extractions. The pixels with non-zero emission in the smoothed CO(1-0) moment0 map inside the region were the only ones considered in making the spectrum. This avoided adding large, noise-dominated areas to the integral, which would dilute the CO(1-0) signal. The right panels in Figure 5 identify the extractions that were used in making the spectra of [C II] and CO(1-0) for each region.
HCG 57d
The CO(1-0) distribution and kinematics within HCG 57d appear to represent emission originating from the northern and southern parts of a face-on ring (which is most obvious in the non-stellar 8µm emission seen in the top left panel of Figure 2 ) The CO(1-0) kinematics (seen in Figures 1b & 4) in HCG 57d also appear fairly regular, and in general follow the kinematics of the brighter (but also less well-resolved) [C II] emission. As discussed previously, the [O I] emission seems to follow the eastern and south-eastern segment of the star forming ring as seen in 3. (Helou et al. 1988 ) and L TIR is from 8-1000µm, values from Bitsakis et al. (2014) . † from Lisenfeld et al. (2014) , L CO = 1.07 ± 0.22 × 10 4 L ⊙ recovered from CARMA ♦ includes a correction for [C II] contamination from HCG 57d of 9% for the total HCG 57a system and 32% for Region 1, 15% for Region 2, and no contamination for Region 3.
The integrated CO(1-0), [C II], and [O I] spectra for HCG 57d are shown in Figure 7 . The spectra are quite similar, suggesting that the atomic gas and molecular gas are well mixed, although the [O I] have a slightly higher systemic velocity than the [C II] and CO, perhaps because it has a slightly different distribution from the [C II]. In order to derive the integrated line fluxes, each line was fit by a single gaussian profile using IDL code gfitflex 2 . First, there is a regularly rotating component, seen as an S-shaped curve that begins in the lower left of the PVD in Figure 8 , and terminates in the upper right, shown in white on the schematic. This component spans the CO extent.
The second kinematic component in the PVD is seen at the top right, but has a smaller velocity extent, deemed the splash ring. The splash ring seems to be a tight knot of molecular gas, seen in the velocity slices from 31-349 km s −1 (8758-9076 km s −1 ) in the CO channel map shown in Figure 4 on the right-hand side of the main velocity component within the HCG 57a disk. The knot also appears to be correlated with extinction, which is visible in the underlying SDSS 3-color image.
The third kinematic component spans a small spatial scale and a large velocity, ranging from -400 to +250 km s −1 (8277 to 8977 km s −1 ), labeled the compact, high velocity component. This broad component is offset from the peak of the CO(1-0) magnitude, which corresponds to the nucleus of the galaxy. This kinematically broad and spatially compact kinematic component lacks the symmetry expected from a bar, which would be co-rotating with the disk. It is therefore possible that this broad, compact kinematic component is either an inflow or an outflow. While ±325 km s −1 is large, this component does not exceed the escape velocity. Lisenfeld et al. (2014) shows that the broad CO velocities in HCG 57a compared with L K2.2µm of the galaxy make it an outlier compared with the other MOHEGs. The high velocity feature is offset from the nucleus (measured using a 2MASS image; Skrutskie et al. 2006) by ≈ 4 ′′ , meaning it is less likely to be AGN-driven outflow, and may be a tidal in origin 4 . Torres-Flores et al. (2014) claim the detection of a faint Hα structure connecting HCG 57d to the center of HCG 57a, and it is possible that the compact, high velocity component might be related. The separation of these distinct CO components is not currently possible within the [C II], due to the limitations of the spatial (9.4 ′′ ) resolution of Herschel. It is also possible that there is faint, diffuse CO emission associated with the [C II] from HCG 57d, but falls far below the detection threshold of CARMA and can be considered negligible.
Following the kinematic components of the PVD, HCG 57a was divided into three separate regions when constructing integrated CO(1-0) and [C II] line profiles, using the region boxes labeled on Figure 5 . Each region is dominated by a different molecular kinematic component. R1, at the lower left corner of HCG 57a appears to only have the regular rotation component in the CO(1-0) PVD. R2 encompasses the nuclear region of HCG 57a, which includes the compact, high velocity kinematic feature and regular rotation. R3 is found at the top right, which includes the regular rotation component, and the splash ring component in the north-west of the PVD.
The boundaries of R2 were chosen from a careful exploration of the emission in the PACS data cube, to minimize obvious contamination of emission in [C II] from HCG 57d. Figure 6 presents the [C II] and CO(1-0) spectra for each region, as well as an integrated spectrum of all regions. The total luminosities for all regions were calculated by summing all channels inside of the shaded velocity ranges (blue for CO(1-0) and yellow for [C II]) on the plots in Fig. 6 . Because of the complex structure of both the [C II] and CO(1-0), summing over all channels with emission was preferable to attempting to fit the spectra with Gaussian profiles. Table 2 presents the [C II] and CO(1-0) line luminosities of the regions of HCG 57a. The [C II]/CO(1-0) ratio varies from region to region, ranging between 560-1380. Unlike in the case of HCG 57d, these ratios do not fall outside the range for normal galaxies (Stacey et al. 2010 ).
4. DISCUSSION The HCG 57 system was targeted by our team using Herschel to try to gain more understanding of systems with high warm-H 2 /PAH ratios as derived from Spitzer, which are surmised to be shock-dominated systems. In particular, the disk of HCG 57a was shown to contain significant extended warm H 2 emission not explained by heating in PDRs associated with star formation sites (Cluver et al. 2013 ). Recently, Appleton et al. (2013) have shown that in Stephan's Quintet, [C II] emission is also enhanced in shocked regions, and that these regions are coincident with sites of significant kinetic energy dissipation, as evidenced by the existence of large quantities of broad-line (600-700 km s −1 ) CO-emitting molecular gas. The turbulent gas between the Taffy galaxies, UGC 12914/5, (Peterson et al. 2012) show similar properties (Peterson et al. in preparation) . Both Stephan's Quintet and the Taffy bridge are intergalactic regions, and serve as well-resolved examples of how shocks can heat molecular gas away from other sources of heating. Although perhaps not as extreme as Stephan's Quintet, we find that HCG 57d has exceptional [C II] emission-line properties compared with normal galaxies. HCG 57a shows mildly enhanced [C II] properties and strong star formation suppression, especially in regions where the velocity field of the molecular gas is highly disturbed. We will discuss the possibility that these galaxies are experiencing boosted molecular and atomic gas heating (over and above that associated with star formation) associated with the recent collision.
Testing the validity of PDR heating for the HCG 57
system For galaxies in which O+B stars in star-forming regions are the dominant energy source heating the ISM, the [C II] arises primarily in PDRs associated with diffuse gas heated by photoelectric heating from polycyclic aromatic hydrocarbons (PAHs) and small dust grains (Watson 1972; Draine 1978; Tielens & Hollenbach 1985; Bakes & Tielens 1994) . [C II] emission can also arise from gas collisionally heated by other sources, ranging from hot electrons in an ionized medium (H II regions), shocks and/or turbulence Lesaffre et al. 2013) , as well as X-ray Dissociation Regions (XDRs) or Cosmic Rays. XDRs are unlikely in this case, as the X-ray flux reported for the HCG 57 system in Cluver et al. (2013) was insufficient to power the warm H 2 , and is likely not the dominant heating source of the [C II] either. Comparing the total luminosities in each line, we see that the [C II]/[O I] ratio is 0.23 for HCG 57d, which is on the extreme lower end of the distribution for the integrated properties of normal galaxies (Malhotra et al. 2001) . Figure 9 shows the [C II]/[O I] ratio of HCG 57d as well as the lower limits of the ratio for Regions 1-3 in HCG 57a, compared with their far-IR line cooling, against PDR models of Kaufman et al. (1999) , and the starburst ring and diffuse bar-regions (extranuclear region S) of NGC 1097 from Beirão et al. (2012) . We also show the data for normal galaxies from (Malhotra et al. 2001) . The points associated with HCG 57d and the three HCG 57a regions lie in the upper right-hand corner of the available PDR model parameter space. Region 2, which includes the most kinematically-disturbed gas is the most extreme of the HCG 57a individual regions plotted. These points would move further upwards had [O I] been detected. Based on these IR-line diagnostics alone, the PDR models would require low UV radiation fields (low G 0 ) and low densities (n H < 10 2 cm −3 ) and low average gas pressure (P gas < 10 4 K cm −3 ). For reference, we also show the locus of observations from an almost pure extragalactic shock from the Stephan's Quintet filament of Appleton et al. (2013) as a purple box in Figure 9 . A mix of shocks combined with higher-density PDRs could therefore also explain the positions of these points on the figure.
Several of the points from the southern diffuse bar region of NGC 1097 (Beirão et al. 2012 ) occupy similar regions to HCG 57a in Figure 9 . These regions of NGC 1097 have long been associated with a strong radio continuum "hook" (Ondrechen & van der Hulst 1983) which is believed to correspond to diffuse gas and plasma compressed in a shock-wave associated with the stellar bar. More recent observations and models by Beck et al. (2005) strongly support the idea that this region of NGC 1097 is dominated by highly compressed shocked gas associated with a narrow-dust lane, which is instrumental in feeding gas towards the inner part of the galaxy and starburst ring. It is likely that the diffuse [C II] emitting gas in NGC 1097s southern region could also be boosted by shock-heating of molecular gas passing through the same compression region. CO imaging studies of the bar region of NGC 1097 could shed light on how similar it is to the HCG 57 system. Figure 10 plots the [C II]/L FIR against the CO(1-0)/L FIR of both galaxies, compared to normal and high redshift galaxies (Stacey et al. 2010 ). We again show, for reference, the PDR models of Kaufman et al. (1999) , but this time including CO emission predictions. The points for both galaxies again lie in the upper far right of the plot, on average beyond the sources in the original Stacey et al. (2010) work. The plot shows that HCG 57d lies significantly above the locus of points for normal galaxies presented by Stacey et al. (2010) , and above the "maximum" PDR limit. HCG 57d is outside the extreme edge of a pure PDR model in Fig. 10 , despite being within the extreme range of PDR models in Figure 9 . The host galaxy properties show emission consistent with that of a low-density and low G 0 PDR (G 0 < 10 2 ), but would likely require a boost from an additional collisional energy source, either shocks, ionized gas or a warm neutral (H I) medium to push it above the PDR limit.
For HCG 57a, the [O I], [C II] and CO(1-0) shown in Figures 9 and 10 are in direct disagreement, if we assume that photoelectric heating from PDRs is the dominant heat source in both the cold and warm molecular gas. The lower limit to the [C II]/[O I] ratio from Figure 9 indicates that HCG 57a requires a diffuse gas (n 10 3 cm −3 ) and low incident G 0 . The CO(1-0) and [C II] also requires low G 0 , though needs a density 1-2 orders of magnitude higher to explain the line ratios. The disagreement between the models that fit the [C II], [O I] , and CO(1-0) suggests a more complex picture for the ISM in HCG 57a. In fact, HCG 57a may consist of two ISM components, a PDR-dominated component (the interface between young stars and cold gas) and warmer diffuse component. We note that Region 2, which is the most extreme in Figures 9 and 10 , coincides with the position of the IRS slit from Cluver et al. (2013) , and likely traces the same emitting area. In this region,
, consistent with what would be predicted in diffuse shocked molecular gas Lesaffre et al. 2013 ). Cluver et al. (2013) indicates that the extended warm H 2 emission in HCG 57a requires an additional heating source, therefore it is likely that a portion of the [C II] is excited by a similar mechanism. Shocks in the diffuse ISM would naturally explain the strong H 2 emission and possible boosting of [C II] .
Is it fair to compare the conditions in HCG 57a and 57d to that of the giant shocked filament in Stephan's Quintet? As Appleton et al. (2013) speculated, the isolation of the shocked gas away from significant star formation allowed the effects of shocks to be explored with only minimal PDR contamination in the Quintet. As Cluver et al. (2013) showed, the HCG galaxies with large warm H 2 /PAH ratios also have specific star formation rates which are an order of magnitude lower than normal galaxies, and therefore we might expect that shocks and turbulence, if present, may have a larger proportional effect than in normal galaxies. We note that the HCG 57 system shares some similarities with the Stephan's Quintet shock, namely 1) broad CO and [C II] lines, 2) enhanced [C II]/FIR emission, and 3) an overabundance of warm molecular hydrogen inconsistent with photoelectric heating by grains in a UV radiation environment. We therefore think that it is reasonable to consider galaxies like HCG 57a and 57d as candidates for shock-boosted warm interstellar gas.
Can we rule out diffuse ionized gas as an extra source of [C II] emission in HCG 57?
To evaluate the importance of diffuse ionized gas from H II regions, we searched for the presence of strong nebular lines, This ratio is at least a factor of 3-5 × larger than that associated with H II regions for a reasonable range of densities, and thus we conclude that in the center of HCG 57a, the ionized gas contribution to the [C II] emission is small. The SPIRE FTS footprint did not include HCG 57d, therefore we cannot rule out a contribution to the [C II] emission from H II regions in that galaxy. Gas with low-metallicity can also lead to large values of [C II]/CO(1-0) ratio through an extended PDR, and this is often found in dwarf systems (e.g. Israel & Maloney 2011) . In order to determine whether the [C II]/CO(1-0) ratio was due to such low-metallicity effects, we used the spectrum taken of HCG 57d by the Sloan Digital Sky Survey (SDSS). Using Equation 11 from Kewley & Dopita (2002) , log(O/H)+12 for HCG 57d = 8.648, which is close to solar abundance (HCG 57a does not have a SDSS spectrum available). The fact that the metallicity is so close to solar means that it is unlikely that the [C II]/L FIR ratio is discrepant due to low metallicity effects. Although the optical fiber of HCG 57d only covers the central 3 ′′ of the galaxy, it is unlikely that such a small galaxy could experience a strong metallicity gradient. Deep optical integral field spectroscopy of ionized gas in HCG 57d may further illuminate the reason for the boosted [C II]/L FIR , by providing spatially resolved ionized gas ratios, which are able to determine the dominant source of ionization (Kewley et al. 2006 ).
Suppressed star formation in HCG 57a?
The molecular gas mass and surface densities of HCG 57a and HCG 57d were calculated based on the CO(1-0) map, convolved to a point spread function (PSF) of 9.4 ′′ , and registered to the [C II] map, which was chosen to allow the regions to remain consistent throughout this paper. The mass of H 2 for a given flux was determined assuming the standard L CO -to-M(H 2 ) conversion factor of (Bolatto, Wolfire & Leroy 2013) :
The total H 2 masses calculated for HCG 57a and 57d are listed in Table 3 5 , of 7.22 × 10 9 M ⊙ for HCG 57a and 2.28 × 10 9 M ⊙ for HCG 57d. Using the stellar masses calculated in Bitsakis et al. (2014) of 2.0 × 10 11 M ⊙ and 2.5 × 10 10 M ⊙ for HCG 57a and 57d, respectively, correspond to molecular gas-to-stellar mass fractions of 3.6% and 9.1%, respectively, which is in the normal range for latetype galaxies. The lower limit to the molecular fraction 6 on the other hand is quite high. The total group H I mass from Verdes-Montenegro et al. (2001) is 5.1 × 10 9 M ⊙ . The HCG 57 group is comprised of two sub-groups (Fig. 11) , and therefore the H I mass listed is an upper limit to the HCG 57a, c, d complex within the group. Including only M(H 2 ) derived from CO(1-0) in HCG 57a and 57d, we derive the lower limit to the molecular fraction of f mol > 0.65, and is likely more dominant if the H I is distributed more uniformly across the group (which is likely). A larger survey along the sequence of compact group H I depletion (Verdes-Montenegro et al. 2001) will shed light about whether there is a relationship between molecular gas fraction and H I starvation (Alatalo et al. 2014, in preparation) .
The gas surface density Σ H2 was then determined by dividing by the area in which CO(1-0) was detected, based on the areas shown in Fig. 5 . GALEX far-ultraviolet broadband Stacey et al. (2010) . Overplotted are the PDR model values for as a function of n and G 0 from PDRT (Kaufman et al. 1999) . Error bars represent the flux calibration uncertainties of Herschel and CARMA. The [C II]/L FIR ratio of HCG 57d is too high to be associated with PDRs. In fact, the L [C II] /L CO(1−0) ratio exceeds theoretical maximum (of 4100; dashed black line) by a factor of ≈ 1.5. This is an indication that a mechanism other than star formation are partially powering the [C II] emission in the galaxy. If HCG 57a indeed has [C II] emission excited by shocks, then the region points due purely to PDRs would move down from the extreme diffuse gas and the low G 0 to parameters more physical for the amount of CO(1-0) detected by CARMA. and the Spitzer 24µm maps were sky-subtracted using the IDL routine sky 7 from the NASA Goddard IDL Astronomy User's Library, then convolved to 9.4
′′ and registered to the [C II] map as well, to allow matching resolution and matching pixels for all maps used to determine the SF rate and gas surface density. The SF rate was then determined from the FUV+24µm conversion from Leroy et al. (2008) , normalized to a Salpeter Initial Mass Function (Salpeter 1955 ) (for comparison to the original Kennicutt (1998) sample). The SFRs of HCG 57a and 57d estimated from this method agreed well with the SFRs derived in Bitsakis et al. (2014) . The SFR was averaged over the same pixels that had non-zero emission in the CO(1-0) moment0 map within each of the pertinent regions. The CO fluxes, H 2 masses, and surface densities are listed in Table 3 . Figure 12 shows the Kennicutt-Schmidt relation (K-S; Kennicutt 1998) of HCG 57d and the three regions of HCG 57a, compared to other objects including the Milky Way (Yusef-Zadeh et al. 2009), normal galaxies (Kennicutt 1998; Fisher et al. 2013) , high redshift objects (Genzel et al. 2010 ) and radio galaxies (Ogle et al. 2010) . While HCG 57d appears to agree with the relation, HCG 57a appears to be suppressed by factor of 5-18. In fact, the observed suppression seems to correlate with regions of the CO(1-0) PVD with multiple kinematic components along the line-of-sight (Fig.  8b) . R1, which sits nearest to the K-S relation, only contains one kinematic component, belonging to the rotating disk. On the other hand, both R2 and R3 contain multiple kinematic components (the regular rotation, compact high velocity and splash ring components) along the line of sight, and are also the objects that appear the farthest from the K-S relation.
The fact that the suppressed regions of the galaxy correspond quite well to the regions with disturbed kinematics 7 http://idlastro.gsfc.nasa.gov/ftp/pro/idlphot/sky.pro in the PVD points to the possibility that the interaction that caused the large velocity disturbances seen in the galaxy are also currently suppressing the SF in those regions. The CO kinematics in HCG 57d and R1 are both regular, predicting that those regions would form stars normally, and indeed, it appears that they do. In contrast, R2 and R3 have CO kinematics that do not indicate simple rotation alone. Star formation requires fragmentation of the gaseous disk due to gravitational instabilities. If another source of heating was available to the gas (such as turbulence), it could be changing the balance between kinetic energy and potential energy, and therefore reducing the efficiency of SF. The large amount of rotationally excited H 2 seen in HCG 57a (Cluver et al. 2013) , as well as the high[C II]/FIR and [C II]/CO(1-0) ratios, points to the likelihood that an additional heating source operates in this galaxy: perhaps turbulence and shocks. Guillard et al. (2012a) argued in the context of SQ that a shock is able to inject turbulent energy and heat the molecular gas in the system, stabilizing it against collapse, and thus explain why we see such a low SFR in the most kinematically disturbed regions of HCG 57a. If the [C II] enhancement and CO(1-0) kinematics are indeed due to shock dynamics, this is a natural explanation for the suppression of SF seen in HCG 57a.
On the other hand, the fact that the molecular gas that falls the farthest from the K-S relation tends to be the most kinematically disturbed is suggestive of another possibility for the suppression. Namely, that assuming a particular L(CO)-M(H 2 ) relationship holds for most external systems, when the relation has been measured and constrained using virialized giant molecular clouds within the Milky Way (Solomon et al. 1987) . If the underlying clouds in the kinematically disturbed portions of HCG 57a have a smoother distribution, as is seen in ultraluminous infrared galaxies (ULIRGS; Downes & Solomon 1998) , then X CO could be a factor of ≈ 2−3 lower (Sandstrom et al. 2013) . Bitsakis et al. (2014) calculated the gas-to-dust ratios in the HCG 57 system, and found that the dust mass in HCG 57d to be 7.8 × 10
6 M ⊙ and HCG 57a to be 4.0×10 7 M ⊙ . If HCG 57a and 57d have a standard gas-to-dust ratio of ≈ 150, consistent with that found in a large sample of HCGs (Alatalo et al., in preparation) , as well as with the Taffy Galaxies (Zhu et al. 2007 ), the gas mass derived using the Bolatto, Wolfire & Leroy (2013) X CO conversion is consistent within errors.
Deciphering the interaction history of HCG 57a and 57d
The enhanced [C II] emission, disturbed CO(1-0) kinematics and suppressed SF in the HCG 57 system point to an interesting recent interaction history between the HCG 57a and HCG 57d. We show in Figure 11 an SDSS view the HCG 57 group as a whole (left = sum of SDSS g and r images and right = same image after application of a high-pass filter to bring out the narrow structures). It is clear from the images that HCG 57a and d show signs of interaction, and both system contain complete or partial ring-like structures. Although we cannot rule out recent interaction with other group members, the most likely cause of the warped nature of HCG 57a, is its nearby companion HCG 57d.
We hypothesize that HCG 57d, the smaller companion has recently splashed through HCG 57a, but did so off-center, creating a collisional ring (Appleton & Struck-Marcell 2006) in HCG 57d, and inducing a strong ring disturbance in the edge-on galaxy HCG 57a. The offset between the center : The SDSS g and r images summed to bring out faint structure for the HCG 57 group. Our paper concentrates on the HCG 57a,d sub-system. (Right): A high-pass filtered version of the same image after subtracting the image from a smoothed version of itself (smoothed with a gaussian with a σ = 3pixels), which suppresses extended structure and emphasizes sharp features in the image, such as the spiral arms in HCG 57b, nuclear bar structures and the ring/ring-arcs in HCG 57a and d).
of the ring and the nucleus is 2 arcseconds (0.3× minor axis radius of the ring) as measured on the SDSS g image. This is similar to, for example, the offset in the famous offset ring the "Cartwheel" and Arp 10 (Appleton & Marston 1997; Charmandaris, Appleton & Marston 1993) . Models of off center collisions (e. g. Toomre 1978 - Figure 5 , Struck-Marcell 1987, and Gerber & Lamb 1994) show that this kind of offset is created when the impact parameter between the two galaxies is roughly 1/4 of the radius of the disk.
This off-center collision hypothesis is also able to explain why the SDSS and Spitzer images from Figures 1 and 2 show the nucleus of the smaller galaxy to be offset from the center of its star-forming ring, a common prediction for non-zero impact parameter ring galaxies (Appleton & Struck-Marcell 2006) . In this picture, both galaxies should evolve into galaxies with rings or ring-segments, depending how offset the collision is. The partial ring or warped arm seen in the high-pass filtered image of HCG 57a could be interpreted as such a collisionally driven ring-wave which is also warped by the passage of HCG 57d through the disk of HCG 57a.
Although the above scenario is speculative, it might explain the peculiar kinematics of HCG 57a seen in the CARMA data, especially the upper righthand corner of the PVD (Fig. 8) where the double line profiles could be interpreted as part of a radially expanding wave centered to the north-west of the galaxies center. The characteristic timescale of the high velocity PVD feature on the north-western side of HCG 57a is about 50 Myr (assuming an expansion velocity of 100 km s −1 and a radius of 5 kpc), which is shorter than the approximate rotational timescale of the galaxy of approximately 160 Myrs, implying that if this is the kinematic signature of an expanding wave, it has not fully disturbed the whole disk. Without a detailed model of the gas and stellar dynamics of a collision, it is hard to further quantify. Given that this is a quite dense association of galaxies, we cannot rule out other members of the group having also played a role.
Even without a proper model of the proposed collision between HCG 57a and d, it is interesting to note that the most (Kennicutt 1998) , including HCG 57d, the integrated HCG 57a point as well as the regions. The SFR was calculated using the 24µm Spitzer data combined with the far-UV data from GALEX, using Leroy et al. (2008) , normalized to a Salpeter Initial Mass Function (IMF). Error bars represent the scatter in the 24µm-to-SFR conversion (Calzetti et al. 2007) , and the calibration uncertainties and L CO -to-H 2 conversion. HCG 57d and regions of HCG 57a are compared to SF-to-gas density for objects including the Milky Way SF suppressed regions of HCG 57a (Regions 2 and 3 in Figure  12 ) are also the regions with the largest velocity disturbances (Fig. 8b) . This is consistent with the results seen in Stephan's Quintet filament, where multiple broad CO velocity components, symptomatic of kinetic energy dissipation in the molecular gas, are found associated with low star formation rates (Guillard et al. 2012a; Konstantopoulos et al. 2014) . It is possible therefore that strong kinematic disturbances, caused by galaxy collisions, can suppress star formation.
We finally come to the question of why HCG 57a and d have such different [C II]/CO ratios. Our observations have shown that HCG 57d has received a boost in its [C II] emission relative to that expected from PDR models, and that HCG 57a could potentially also be enhanced, but to a lesser degree. One reason may have to do with the relative stellar masses of the two galaxies (of 2.0 × 10 11 M ⊙ for HCG 57a and 2.5 × 10 10 M ⊙ for HCG 57d; Bitsakis et al. 2014) . High values of [C II] to CO ratios are not uncommon in low-metallicity dwarf systems (Poglitsch et al. 1995; Stacey et al. 1991; Israel et al. 1996; Israel & Maloney 2011; Madden et al. 1997) , and in such systems the "dark-gas" fraction (i.e.. molecular gas not traced by CO) is expected to increase with lower metallicity (Wolfire et al. 2010 ). However, we believe that HCG 57d is closer to solar oxygen metallicity (see earlier), and thus the dark molecular fraction is likely to be modest. Instead, we suggest that the collision between the two galaxies could create an enhancement in the diffuse component relative to the denser molecular gas by a different mechanism. HCG 57d, being the smaller of the two galaxies, would receive a significantly stronger perturbation than HCG 57a, and this would inject more kinetic energy into the ISM of that galaxy, as well as causing almost all the gas in the galaxy to be affected quickly because of its small size. Furthermore, if the galaxy has indeed crashed through the disk of HCG 57a, the diffuse gas in the galaxy would be significantly affected and heated. Although we do not have sufficient spatial resolution in the Herschel observations to determine whether the [C II] emission is much more extended than the denser molecular gas, one plausible explanation for the enhanced [C II] emission is that the collision excited a much larger volume of diffuse gas than the denser CO molecular gas, thus increasing the observed ratio.
4.5. The HCG 57 system in context The gas-on-gas collision that HCG 57 has recently experienced are common occurrences in Hickson Compact Groups (Hickson 1997 ), due to their high space densities and low galaxy velocity dispersions. This environment predisposes galaxies to interact with one another, and is likely a conduit for rapid evolution, as suggested by the dearth of galaxies in the infrared (IR) green valley (Johnson et al. 2007; Cluver et al. 2013 ). The MOHEG systems in particular seem to be in a special portion of their evolution, as these galaxies tend to be the ones found in the IR green valley (Cluver et al. 2013) , rapidly transitioning from blue and starforming to red and dead.
The suppressed SF seen in HCG 57a might be a beacon pointing toward the physics that dictates how that transition takes place. The scenario we put forward is that when two galaxies within the compact group have a direct collision, the gas is heated through shocks, suppressing star formation in the immediate term, due to the injection of the extra kinetic energy to the molecular gas, via turbulence (Guillard et al. 2009 (Guillard et al. , 2012a Appleton et al. 2013 ). Shocks in general are shown to enhance SF (Jog & Solomon 1992; Barnes & Hernquist 1996; Elmegreen & Efremov 1997 ), but we hypothesize that this SF enhancement requires a sufficient amount of time for the cooling lines to efficiently shed the energy that was injected by turbulence, which effectively balanced gravity. Once the turbulence has been efficiently cooled, the larger density of the post-shock gas determines the SF enhancement. It is likely that the suppression that is seen in HCG 57a is transient, but speaks to the role that turbulence likely plays in inhibiting SF. On longer scales, HCGs will also suffer from harassment (Icke 1985; Mihos 1995; Moore et al. 1996; Bekki 1998 ) and ram pressure stripping (Cayatte et al. 1990; Böhringer et al. 1994 ; though this was argued against in Cluver et al. 2013) , which can remove the ISM, effectively shutting down future SF and transitioning the galaxy.
High redshift galaxies are known to contain more turbulent gas (Shapiro et al. 2009) , and therefore it is important to understand to what degree turbulence modifies SF, both by enhancing it and suppressing it. Studying MOHEGs within HCGs is an ideal way to gauge the role of turbulence in environments already known to be extreme, and the HCG 57 system has shown itself to be an ideal test case. [C II] and CO(1-0) maps taken using the Herschel Space Observatory and the CARMA array of the Hickson compact group galaxies HCG 57a and HCG 57d, in which HCG 57a is a known MOHEG.
• The [C II]/L FIR ratio in HCG 57d is too large to be explained with photoelectric heating in PDRs alone. Two possible explanations for the boosted [C II]/L FIR are copious amounts of ionized gas, or possibly the shock excitation of a larger volume of diffuse gas compared with the denser molecular gas resulting from HCG 57d having crashed through the disk of HCG 57a. Excitation of [C II] by neutral gas is unlikely because of the low observed H I content of the HCG 57 group.
• The [C II]/CO(1-0) ratio of HCG 57a is also more easily explained if one assumes that a shock has traversed the system, boosting the [C II] emission and resolving discrepancies in PDR models needed to explain the CO ( • The CO(1-0) gas kinematics in HCG 57a shows complex structure, including regions with kinematic components beyond the simple galactic rotation curve. The star formation is suppressed preferentially in those regions with complex kinematic structures, by factors of 30-40 (as compared with normal efficiencies in HCG 57d and R1, both of which have simple molecular gas kinematics). The dust-to-gas ratio in HCG 57a appears to be consistent with that seen in other HCGs using a "standard" L CO -M(H 2 ) conversion factor, and we hypothesize that the current suppression has been brought on by injected turbulence.
• A collision between HCG 57a and HCG 57d 50 Myr ago, where HCG 57d directly intersected the disk of HCG 57a would possibly explain both the unusual [C II] properties, as well as the star formation suppression. In HCG 57d, the collisionally-induced shock has already traversed the entire disk of the galaxy, and [C II] cooling has been enhanced, allowing for efficient star formation in the (now denser) postshock gas. The shock, on the other hand, has not completely traversed HCG 57a, meaning that turbulent injection is still taking place in the disk. This extra energy injection counteracts efficient fragmentation and gravitational collapse, therefore suppressing star formation. These processes may cause rapid termination of star formation, leading to rapid evolution of the galaxy through the mid-infrared green valley.
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